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g (xk-@) ^Jta^r^t 3 >^<*»«^'fe-^ 

X y =" >^iSB^B'5 1X10^^ 

a t om s/cni'lJl±l x l O^'a t oms/cm^ti 

{111} s±©^s^^rall^Maexpg ( "J ^i^'t^^^ 

at oms/cm'lM±lxi 0"at oms/cniH:i 

[if^3] ?3y^il'>^=^^-ffitJ:<fc'33g^5*^^^^ 

t: ^igE*51 X 1 0'' a t oms/cin-«±l X 
1 V'a t oms/cm'iyTt:-S>9, 3tPO^'^;x^^^ 

HiCiS-^-C> 1^H'^5 0 nmW±CD=i<-'r FSS^^B x 1 
OVcm'iaJtSXl 0'/cm'WT-C*^->y3># 

r gSjgSASlx 1 O'^at oms/cm^Jit±lx 
10"at oms/cm'«T-C*'5, 

f^r =^i/ + J: <3 X fg^iiSL-r^E i C i 

IxlO^'at oms/cin'«±l X 1 0^'a t om 
s / c m' 1 ~ 4 ©f5in*> 1 retclBig 

[fS*«6] Sl^^lxiO^'at oms/cm^ti 
_hi 5x 1 0"a t om s/cin'WT^*TS'>U 

g=& V [mm/m i n ] > 1 3 5 0 -CS ^©^^B-a 

fi£6llW[fi)©¥i^S^ffi*G [-C/mm] iUfcB$. 



[Qcm] 5:0. 5Qcm<P<30Qc 
mi-r^>lt^^ V/G [mmVCm i n] ^0. 13 
■C-S>«3. SSSln^P [Qcm] ?rO. 0Qcin<pg 
0 5Qcmfr-2.ii^. V/G [mm^/'Cm i n] 

antc^ X f t ji-ffiK J: 0 y 3 '^smw^m^^ 

10 [i«3j?S7] SR^lxiO^'at oms/cm'W 
J^l 5 X 1 Ca t oms/cm'WT^W-r^v-U 

fci/ "J 3 >#iSB^3!P "J m 1^ >#feB^B X /^ 

5:. #^M'fktt*HmS'-^<''t*^^^^H^"^^ lOO-ClU 

±-c 6 0 mimsm Vicm. . x^^«® K X f 
mi -r -s 'J 3 >ii£^i;t»«©»3§:^S. 

[f«*«8] 1 X 1 O^'a t om s/cm'W 

±_\ 5 X 1 0''a t oms/cm'JJiTdW^'5>">'-J 

S^&V [mm/m in]. 1 3 50 '0^^©^^ 

fi5tfifii:&lfil©^l^SK^3iE=l:G rc/mm] ib/cB#. 

[Qcm] ^0. 5Qcm<P<30Qc 
mi-r-5.Ji^> V/G [mmVCm i n] ^0. 15 
-C*«3. WmVmP [Qcm] ^0. OQcm<P^ 
0 BQcmi-r-SJS^. V/G [mm'/'Cmi n] 
^ 0 . 3 6 1 * S^ff t% rSS 3 i±fc-> U => 
hm^^ fc'^ --^^^B^B-i' x7N©«ia K , X =^ 

[i«^9] a^l: 1 X 1 0"a t oms/cm^ti 
±1. 5 X l O^'a t om s/cm't^T^^t- ■!>>">' 
n>lil!^=&ffll^-C, g^3^5;l'X+-ffitcJ:0. ?l±ii 
V [ mm/m in], ii-^-- 1 3 50 'C^-C<D^^ 
fi£S«l^[6]©^i^fiS^12=&G [-C/mm] iUfc^. 
ftSffit^^P [Qcm] =&0. 5Qcm<P<30Qc 
m<b-r-5.1i-&. V/G [mm'/'Cm i n] ^0. 10 
TSjD. mW&inmP [Qcm] ^0- 0Qcm<P^ 
0 5Q cmi-r^.ia-&. V/G [mm=/'Cm i n] 

40 ^ 0 . 3 0 -e* -s^frt:-. y 3 >^$gB^H*^ 

+ J: D V ^ 2> c i ^^tt® 

1 0 ] l5iHi-y $ e>K:K#* l 

X 1 0^' a t oms/crnHXtl X 1 0"a t oms 
/cm' S ti*« 6-9 ©f>in*> 1 ^(ClHtl 

©i^ 3 >4i^<#S«©S{j»:^-S. 
[^Hj©p^fj:giHJ] 
[0 0 0 1 ] 

50 [ mfDm-rhmi^m) ^mm «, -> y >#*»s 



if^imri. iP-ommi^m^'J^tii < T D D B!if tttc® 

[0 00 2 ] 

^ rmm^ ^' > h >; ^ 'J >i^<hnf iUf. «^ 

Si-'fS^ cc cfc -5 X ^ ^' -r >^ fc F^Jh 1- 2, /c 

iyij ^>#^SB^a«^ctt•5=^^•-^'>^^7•o•fe;^I^3K:3ie[ 

[000 3] ja^> iifo°D«-7^-'-« CT. 
ija>#rSH^e)l (ifH) 5rJiS?-li/c, ->>;=i>*^ 20 

fSS i ib-c-C ^ c i 3&s^*^ T # fc. C 0®H 

[0004] C ©J: ^ ^JTi tWitatc j:5,g?*Wfctl^JE 
=S:^5fc5!>. ^;?.tf!!tlS¥-8-2 5 0 5 0 30 

^tff tb^ffilK^tiJ®!"?-^ fci*©?aS^Xfi?rie L/ /c 

^nrC^-S). ^/c. 4tg|¥9-l 99 5 0 7-^i2>$BT' 

!t#s©«iMstCct«3. ^ai'3a(ii^-tcs i 

8^©SS^feteS*t:'?>?Bx.^ct^ J: e> ^c^^fttl^^^fp vy 
nr ■5.:^cae), x fi? i/^«;^c -o /eft 4> 7'>'^' x 

i^^©^®^ix^*^a^t^^^>©i^^S5^'^^*. 
[0005 ] cni«;silK:> ^^s^jTc^^r^^rabr^ftti 

1-1 8 9 4 9 3^^$E(C». aj^?: 1 X 1 O^'/cm' 50 
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'4 

a±mim L/ /c-> y 3 > X ^^ k: X fc'g ^iisr s c i 
-C-. ■e©t^©7'n-fe;^fSijaia-c4-^?3:WtiJ*5t2c D, ^' 
^7 y > if^ic^tiicx. x^^*^-r ^. c i 

^iy^F»gK:i!?^E■r -Set ^ ^c^ssjni^ y 3 >#ifeS'5x 

/^^ffi5Ci^m^l/■rl^^>. U7!pI/> ■€-©J:5^j:S 
^tt]->'J =J>#JSH^'f x^^K:xt•Jl?:iiSUfclt^, 

y a>mMB^'i'x^N©0 S FMJ^«:^/i:^>2P^fCiiS 
3nfcxf®©4JtCfeB^ffi*5^^L'. TDDB (Time 
Dependent Dielectric Breakdown: ig^te^K^) ^ 
14^ci'©7'^W:^#tt€rfiTS-l±-Cl/*^. *©fc*. 

coimvit. xt••5x^^^Lrllffifl^J-c»^cli. 

[0 0 0 6 ] 

[^BS*iis^ u J: 5 <b -r ] Sf^assn $ nfcs^ y 3 
>^feH^B'^; x^^^cx \::m^mm utcf^ic^^-nm^x 
Pitt. X fiiJifflT^) !?)©-> y 3 >#fgH^-5x/>©n°pS 

i^y n>^ife^■?xy^=&x ft7x^N©SSi LTI^^ 
■Sli^ti. fie*O^Wm<!:t^^D°nK©fteK:. xfecc 

•5 x/>?:f1f 9 3iOi2«*5* -5. 
[0 0 0 7 ] *:^^tt. =i>mie^'5x/> 

jl©^- 3^ y > i^-tg;^3 €>M$f J; ^ ^c~> y =1 

SJ>'-e©J:^^i:5^y3>^{^fl:a^©i3f3g:&ffi 
?:ffift-^-5>4>©r *?)c 
[0 0 0 8 ] 

[iR@=i:)i?^-r€.fcA©#K] *#feHe^e.«. i^y3> 
itjS^jcs^^sisnL. a^©WRJ^frt?->y3>#fe 
B%*i^ b . ^©ifs^*^e>«] tii vtciy y n ^^iss-i? 
x^^^CXt•)lJt»^^f-7-C, :r.\::-mic^-ri>mFmXm 
^iS2Lfc= i§iB$tc. xfii:«si>r©yi^-c©'>y=3> 

^B^B'^7X^N©a°D«^>5$^K:iiiabfc. ^(Df^^. Xf 

ig^BiXPi « . X fjiitSHii ©MS^»n y =1 >^sSa^ -i? 
x>'NK:???Si/rc^-5Sk/hXll©i*J, ->y 3>#feB^':;x 

>'NaffiK:S{±iLTl.ifcfe©*i. xfli(Cg^$tlT?fM 
3 ntc i, ©T'* S C <!: i}it>ifi^fc. i^llB&*^f*©fe*. 
xflligB^^s:|iiS©Safe€:l*±rSfcii?>K:». (a) 

^nmm^n^co&mitic j: <3 sis^jne^ y >#Sb^b'? x 
^^©®/^^^Pi€:^c< ( b ) xfji«aHu©mr5!La 

r'M«?^JDi> y 3>^igB^B'5x^N©'^/jN:Xll5:ti?lgS-& 
i#5--^©73&A^W5a-r'i)-2>Ci:55#IJHgU, Cti 

[0 0 0 9 ] r^ctJ^^ :$;^BJ«, (1) ^3i>^)l 

X -stCct ^ c tifcmm-^m'^ y :3 >^b^3&5 6 

^ 15 m U fcv' y =3 >#Sb^b 't' X ^N©«M(C . X f tJf 

+ jUffiCCj:»3->y3>#igB^® (xfJl) 



C4) 



1 X 1 0''a t oms/cm'ti±l 
XI o^'a t oms/cin=OTT-^>D,JuiB^>'Jj3> 

{Ill) m±<Di^-i-fSfB. 

0 . 5 ^1/ c m ' «T-r & ^ C i i T ^ =' > 
(2) ^3^^}i:^=>r-miCj:<0^^ 

1 O^'a t oms/cm^ti±l x 1 0"a t oms/ 

c m^OTrs> D , auiBi^ 13 >^»mm<D±mim 

?:#@ii-rS'>'J3>¥«fl««. (3) ^^^^^^ 

^ 0 m Lfci^ u 3 >^ies'i'i^^o«®fi^ ^ X b- + 

at oms/cmH:i±lxlO^'atoms/cm'« 20 
^XhCD^V FS;K*^5 X 1 0 Vcm^J':i±5 x l 0'/ 

+ D i fM^«a Lrnc 2> c <t =em i 
T.&i^'>'='>ii^^f*»«. (4) 5^3i'-7;i';^+--ffi 

tc J: 0 igit ^nfcS^Wi' U :^ >#ig^a*> 6 W D iiJ b 
fc-> U 3 >#*Sg'5 . i f + }\^mc 

>^*'f*««-CS)-5-C. g5^S*il X 1 0" a t om 
s/cm'J;i±l X 1 0^'a t oms/cm'WT"Cfe 30 

^-j&s 1 X 1 0 ^ / c OTtr*5 V y =i >#JSb^b 
uLj^ommic . i f * Jl^a tCct D X fH its b 

oms/cm'«±l X 1 0"a t oms/crn'OTr- 
*S (1) ~ (4) CD^h*>l^«:iB*gCD->'J3>^ 

(6) ^=&ixl0»atoms/cm' 
UJtl 5x 1 0"a t oms/cm't4T^*t'5>' 

iSK^V [mm/m in], 1 3 5 0 'C^TOl^ 

^sf&mil5mc0^i^&^^^^^ [°C/min] tUc 
B#, m^mtjimp [Qcm]?:0. 5QciD<P<3 0 
Qcmttim-^. V/G [mm^/'Cmi n] ^0. 
1 3-CS>^. SKffitJi^P [2cm] ?:0. OQcm< 
pg^O. 5Qcmi-r€.*i^. V/G[mmVCmi 
n] ^0. 3 2-C*5^t:'. '>«;3>*SB^B=S:fiS:go 

^itar 2. c i €r!^8!t i -r 4 y ly^mf^m^cDum 50 



2 0 0 1 - 2 7 4 1 6 7 

6 

(7) 1 X 1 C a t oms/cmH:i 

±1. 5X 1 0"a t oms/cm'tiT$^^^~>''' 

^. ^^Kai4#ffl«*^><'^«*^^H»'^l 1 0 
±-C6 0#JiiJi»J!5SbfcmK:. ^•^x^N^ffiJCJ^k*^ 
1- jviS J; »p 'J =1 >^SB^BM^ii«-r S c <b 

5:1 X 1 0"a t oms/cm'J':U:.l . 5xiO^'a 
t o m s /c m'JWT$WT5>-> U 
5^3 :^^;l'::^=^^-ffiCCj:i3 . ?l±aK^V [mm/m i 

n ] . liL*.- 1 3 5 0 ■c$-ccDies^^:&i^©^^ia 
Ki;]ie€:G [-c/mm] i L/cf^. mwmmp [Qc 

m] 40. 5Qcm<P<3 0Qcmi-r-&J©^. V/ 
G [mm'/-Cmin] ^0. 1 5-C$>t3. »«RffitS* 
p[Qcm]%0. OQcm<P^O. SQcmiTi 
V/G [mm'/°Cm i n ] ^ 0. 3 6t:'*^>^ 

3 >*Sn^Bg*«a-r 5 C <t i T ^ V U 3 y^m 
Wm^<Dmm-JS&. O) S^^l x l O^^a t om 
s/cm'«±l- 5X1 0"a.toms/cm'tiT# 

D. ?l±iIS4V [mm/m in], ®L'^.~ 1 3 5 0 'C 
^r©JSB^BfiXSflli:&r^©^i^SS^S24G [-c/mm] 
ibfcB^. mwmmp [Qcm]?:0. 5Qcm<P 
<3 OQ cmiT?)!!-^. V/G [mm'/'Cm i n] 
^0. 1 0-e^D, »«em*P [Q cm] ?rO. 0 Q 
cm<P^0. 5Q cmiT5.1S-&, V/G [mm^/ 
•Cm i n ] ^ 0 . 3 0 i^^-C. g£SS -S/ci- 3 

(10) BuiS-> y =3 >®itiC. S 6{C^^=I: 1X10 
-'a t oms/cm^«±l X 1 0^'a t oms/cm' 

WT^^-r 2, ( 6 ) ~ ( 9 ) ©Mn*' 1 :«K:g2«©-> y 
3>iii^ft»«©iS®:^^. -c-S)?). 

[0010] 

mm(omm(D]im: ifjiisat^©^^*^^^--;,^! 
y>i/'«l:^=^is«-r'i>?c*tc«, $>^-SfiiW±©a« 

«:535*nT2>i£J«*^*'S. ^»?lSib-C«. 1 x i 0^^ 
at oms/cm^Jei±, J: OSS U < «2 x l 0" a 
t oms/cm'J^Xh*^a^t:^)^.. S^S*51X1 
0 - a t o m s / c m'^mom-^. X fgita?^©K 

B^B^tL^t-<nr-5/c6b. a«*]£±l®«l X 1 O^'a t 
om £/cmH:^TA5®s-c&^c s*rsJra©^t:-4>y 
-^^^y^i^'tfeiLTJJ+^-c^^ds, a--»f'©sai 
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5, ^(om-^a. mmtmrn^cmm^mmt^ctifin 

Kf^ig^il^-^t*- ixio-atoms/cm 
'JW±. «3X 1 t oms/cm Jii 

±*5iS^-CS>?., XI t oms/c 

m^*^©it^i*- ^^^^ 110 0 -ctiTo^iJftar-^ lo 

Stl-SffifiCMO S ^-D-feXCDlt^tC 1 0 '/c m'*il 
tihfcib. ^JS^IEtJlx 1 0^= a t oms/cm 

[0011] s«^JnL?cCZ-s i ^B-Btc»> 0 uc 
^j^Ti ^ nc 3 mm(o^mm.m (^-^ fmi^. o s f p. 

^^ttJCDW^aCCM^^ib-r. V/G (^B^fiSfiit^H 

^aaUfci^SC, ^{t^SiaM^^Fi (0)Cidation induce 
d Stacking Fault: U^O SF iH?^) d^^^-TSteiS 

»7v3n-5.^.^-eSD^o V/G3&i;*:t<i5:-5><t. 'i^'f ^ 

[ 0 0 1 2 ] c©J: 5 ):r^i!@P,«?:$t.»sfft-^»nc z- 
s i i^s*^ e. w "3 m ufc'> =3 >mi^S'^ ^ ^^^^ ^ t-ji 

[0013] 'J >^-=K^^«®^R§'*> ^ 2 tCTT-TJ: 5 

13 (10 0) ■^7i^^K:i fiiffl^=iTofcii^, 
F^T [/xm] ib/ci^tc. 2g>!)5«tJTxV-2 [ M 

[0014] lE&f h^^fiStS^ as (CTnTcfc 90C. i 



[0015] U >i^t^^^*ae^Pi*^0 . 5^1/ c 

m««@ffl^2 0mm'©-r^>'^:^«:fcl^ 
-C cne,©i>^RS(cJ:oTlK«*5g.itec$iaS5iS*^ 
io%?:M;^?>. cn<E.©i»iil*i^is^ffit-«.msii. 

T D D-B^m^ £'©mm!KFl4*Sse^fcr S/c*. C©<fc 

[0016] ±iBif®!|-^^©XFS©'^?i^^HJl^^* 
{iS^&f^iffltciSSLfcg*, 04«:7js-rJ;^K:. ifH 
i^fj©i/ "J =3 >#fS^'5 x^^©^^Pit^^<^:*i■Ic;br 

[0017] V >i/-t^^>^)i^^Pi*^^*^^^-«»- 
it-B*a«5©'>V ^>#tS^B•5i^^^cfc^,^-c. OS F 

c©«Ji-C«. i^-rXS Onmia±K:?SD#ti 

^/h^j^S^FB^.^^S^Jl^^ra'^^^^L.'^''''^ 

-e©i;^nt«i^raM^sa)i^^Ri©±^cxf;i?:Jt 

z,. ia^©^B^eT-> u 3>^iSH^B^i^^©5^R&^^i y 

ig^ .^7 ji^N±®t?t»- >f X 5 0 n mJyi©*'^ F?gS*^ 
5x"l o = /cm'Jii±tcni-,Tl^?.J:^^f'i':t/>, 

rc.":?>'?i^^^fc<'^^^i^ ik-glS^^©'J>i^«^« 
fiJl^Pi3&5 0. 5fi/cm'JilTtC}q)^e.n?.Cj:*iBJ 

X5 OnmW±©=i<"-f F^K^^sx l 0 = /cmHXhK 
fj: -Cl^ ^. -5 i/MS O S F M^*^-^ i^^WWtc^^icit 
i^3nfc^©-C*?.. ■9->fX5 0nm©:i<V F^K*5 0 
/c m'Jii±5 X 1 0 '/c m'*ilT$,2.cl: ^^cp.^tc 

^ F (omMiJ^m C«3> ifJl©TDDB tT 
^Or-. ^-f Fmie«5x 1 0'/cm'«TtC}ip^-Cfc 

[0018] ©(if F^XRi^^ffeif ^ t'S 

iiaBU©-> U ^^ifSB-B-f i^^iCldt^r O S FPliT-4. 



:^I82 0 0 1 -2 7 4 1 6 7 



et a1. Mat. Res. Soc. Symp. Proc. vol. 262, 1992) 
^©^{i ^ ^ ^ - «®*J«^« A 5 ti/cl © 4> ©*5 S 

<!: * Jc?^?sS-r ^ c i & L k: i fB tcg:?$ nr L $ 5 
Vfcmm. as 1 M mJiUiOfefeJl--^"*^ 1 X 1 0 V 

60 5Mnicfcoat^fI^^??a'^^^<4;i'-^'*^- ^ 

[0 0 19] c©J;^tJ:. ifSXRIf*. a*^Sn'>U 
3>^$g^B'i'i^^©OSF|g^(cmS-r?.g r own- 

/c ^(Dfclfy. ^ b"S*aMtC g r o w n - i n *£S^^ 

[002 0] ihWtcoi^rm^cc^^i-^f'^*^. - 
0 5 *i ni*j^©i fcWC«ffirt©KI»l^-14^=^ 

40 

[0 0 2 1 ] ±ISif)li^Fi>&^^4b^Ct^S^^ 

[0 02 2] XI O^^a t oms/cm^Jiii 

6 e./i;rJ>S5?g*tCl X 1 0"a t oms/cm'W 



[0 02 3] pels?: 1 x 1 0^' a t o m s / c J-Xh 
i=, i^ijrJ>^M*K:3x 1 0^'a t oms/cm'jii 

.[0024] B^»n->'J 5.0'S« 

[0 02 5] (A) ifeSWfi£I^©V/G?:. ttSffiiS 
[Qcm]*S0. 5Qcin<P<30QcmOB#V 

/G [mm'/'Cmi n] ^0. IZ^.WmSmP 
[Qcml^^O. 0Qcm<P^0. 5 Q c m©B#V/ 
G [mm'/'Cm 1 nl ^0. 3 2 iC$1J®L., WESUc 

IC. if^J=^^-> + Jl'ffiK:ii33f^J?^^©it:B^^T 

[0 02 6] ( B) mw^m^nov/G^. wmm 

[Q cm] 3550. 5Qcm<P<3 0Q cm©B$V 
/G [mmVCmi n] ^0.. ISCC. gffiSK^P 
[Qcm]*50. 0Qcm<P^0. 5Qcm©^V/ 
G [mmVCmin] ^0. SQVZfmV. W^Lfc 

iy =3 >#ieB^B*^6^ m t.^^c-> >; =< ^m^B^a-f 

K > i f 5? ^ -> + Jl'S J: '3 m^)*^^ ©i fB ^ 
■5c 

[0 02 7 ] Si^B*fiSB#©V/G/^5^ »®SJa*P*5 
0 5Qcm<P<30Qcm©B#(C0. 13<V/G 
[mm'/'Cmi n] <0. 1 Sr*'?. 0. OQcm 
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the whole surface of the wafer is reduced to <0.5 
dislocatlon/cm2. 
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CLAIMS 
[Claim(s)] 



[Claim 1] On the front face of the silicon single crystal wafer cut down from the nitrogen content silicon 
single crystal manufactured by the Czochrlski method It is the silicon semi-conductor substrate which 
comes to deposit a silicon single crystal layer (epilayer) by the epitaxial method. The mtrogen 
concentration of said silicon single crystal wafer is three or less three or more 1x1013 atoms/cmlxl016 
atoms/cm. The silicon semi-conductor substrate with which it crosses all over said silicon semi- 
conductor substrate, and the interstitial atom mold stacking fault on (1 1 1 } sides (nng-like distnbution 
stacking fault) is characterized by being two or less [ 0.5 //cm ] all over an epilayer. 
[Claim 21 On the front face of the silicon single crystal wafer cut down from the mfrogen content silicon 
single crystal manufactured by the Czochrlski method It is the silicon semi-conductor subsfrate which 
comes to deposit a silicon single crystal layer (epilayer) by the epitaxial method. The mtrogen 
concentration of said silicon single crystal wafer is three or less three or more 1x1013 atoms/cm 1x1 01 6 
atoms/cm The siUcon semi-conductor substrate with which the rearrangement (rearrangement pit 
defect) which crosses all over said silicon semi-conductor substrate, and is observed after selective 
etching is characterized by being two or less [ 0.5 //cm ] all over an epilayer. 

[Claim 31 On the front face of the silicon single crystal wafer cut down from the mfrogen content silicon 
single crystal manufactured by the Czochrlski method It is the silicon semi-conductor subsfrate w^ch 
comes to deposit a silicon single crystal layer (epilayer) by the epitaxial method. Nifrogen concenfration 
is three or less three or more 1x1013 atoms/cmlxl016 atoms/cm. And the silicon semi-conductor 
subsfrate which crosses all over this wafer and is characterized by coming to deposit an yilayer on the 
front face of a silicon single crystal wafer whose void consistency beyond size 50nm is three or less 
three or more 5xl05-/cm5xl07-/cm by the epitaxial method. . , . . . r 

[Claim 41 On the front face of the sihcon single crystal wafer cut down from the mtrogen content silicon 
single crystal manufactured by the Czochrlski method It is the silicon semi-conductor substrate which 
comes to deposit a silicon single crystal layer (epilayer) by the epitaxial metiiod. Nitrogen concenfration 
is three or less three or more 1x1013 atoms/cmlxl016 atoms/cm. And the silicon semi-conductor 
subsfrate which crosses all over this wafer and is characterized by coming to deposit an epilayer on the 
front face of a silicon single crystal wafer whose dislocation loop with a diameter of 1 micrometers or 
more is three or less lxl04-/cm by the epitaxial method. , ^ , ^ 

[Claim 5] A silicon semi-conductor subsfrate given in any 1 term of clmms 1-4 whose carbon 

concenfration of said silicon single crystal wafer is three or less three or more 1x1016 atoms/cmlxl018 
atoms/cm. , , i miA 

[Claim 61 The silicon melt which contains nitrogen three or less three or more IxlUlO 
atoms/cml.5xl019 atoms/cm is used. With the Czochrlski method When the ay^age temperature 
gradient of the crystal growth shaft orientations to V[mm/min] melting point -1350 degree C is set to G 
[**/mml for a raising rate. When subsfrate resistivity rho [omegacm] is set to 0.5-olun cm<rho <30- 
ohmcm. On the conditions which are V/G[mm2/degree-Cmin] <=0.13, and are y/G[mm2/de^ee-Cmin] 
<=0.32 when setting subsfrate resistivity rho [omegacm] to 0.0-ohm cm<rho <=0.5-ohmcm The 
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manufacture approach of Slicon semi-conductor substrate characterized by depositing a silicon 
T^t^^XUy^^on the front face of the sihcon single crystal wafer cut down from this smgle crystal 

Sn sSe^^tal layer on this wafer front face by the epitaxial method ^ft^J i^^^^^reatrng ^e 
silton wafer cut down from the silicon single crystal manufactured by the C^^^rl^ 

mSd 60^(S^ds or more above 1 1 00 degrees C in a non-oxidizing atmosphere or a hy<^ogen ambient 
r^o^h^ SSig the silicon meh which contains nitrogen three or less three or more 1x1016 

rS?i^'^ M^^^^ contains nitrogen three or less three or more 1x1016 

>=? 36 when setting substrate resistivity rho [omegacm] to 0.0-ohm 

^Toft^sS^o-^ stoft orientations to V[^^^^^ 

<^^ when setting substrate resistivity rho [omegacm] to 0.0-ohm ^■""'ho <=a5^ta«n The 
SSlTw'i^SS^^pr^it'^fasilicon 

d^«.^ch Attain carbon &rther in said silicon melt three or less three or more 1x1017 
atoms/cmlxl019 atoms/cm. 



[Translation done,] 
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* NOTICES * 

5':lfLws the word which can not be^nslated. 
' .In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



(Detailed Description of fte Invention] 

its manufacture approach. f^^t^^rf^ 
250506 A in order to compensate the lacK P'^J*^'^ , ^ g-ont face is proposed. Moreover in 

94»fS.^ts^:a-o!^^£^^^ 

SScr precipitation of oxygen i^m^^"^""^ T^^ie heat treatment process of the wafer for 
p^;:^:How^er.bytheabove.m^.on^^ 

1/4/2005 
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stable and after epilayer deposition is known by that precipitation of oxygen happens. For examp e, 
manufacturing the epiwafer which deposit sufficient by subsequent process heat treatment took place, 
and was excellent in the gettering property depositing an epilayer on the siUcon wafer which added 
nitrogen three or more lxl013-/cm is proposed by JP,1 1-189493,A. This approach is charactenzed by 
using a nitrogen addition silicon single crystal wafer with which an OSF field exists m a sihcon single 
crystal wafer. However, when an epilayer is deposited on such a nitrogen addition sihcon single crystal 
wafer into the epilayer deposited on the part which hits the OSF field of a sihcon smgle crystal wafer, a 
crystal defect will occur and device properties, such as a TDDB (Time Depend«it Dielecmc 
Breakdown: dielectric breakdown with the passage of time) property, will be reduced. Therefore, by this 
approach, it is not practical as an epiwafer. 

rProblemfs) to be Solved by the Invention] It has turned out that it originates in the quality of the silicon 
single crystal wafer before the crystal defect generated when an epilayer is deposited on the sihcon 
single crystal wafer by which nitrogen addition was carried out carries out epilayer deposition. 
ThSrefore, to use a nitrogen addition silicon single crystal wafer as a substrate of an epiwafe, it is 
necessary to make the nitrogen addition silicon single crystal wafer of quality winch a defect does not 
generate in the epilayer other than the quality of the conventional precipitation of oxygen. 
[0007] By improving the crystal quality of a nitrogen addition silicon smgle ciystal wafer, tins invention 
does not have a defect in an epilayer, is fiirther excellent in the precipitation-of-oxygoi abili^ in a 
device process, and offers the manufacture approach of a sihcon semi-conductor substote which is good 
also as for the gettering capacity of heavy metal, and such a sihcon semi-conductor substrate. 

FMrSs for Solving the Problem] this invention persons added nitrogen in sihcon melt, manufactured the 
siUcon single crystal on various training conditions, performed epilayer deposition to the sihcon smgle 
crystal wafer cut down from the crystal, and investigated the crystal defect generated to an epilayer. The 
quality of the sihcon single crystal wafer in the condition before epilayer deposition was also 
hivestigated in the detail at coincidence. Consequently, in the epilayer, two kinds of crystal defects 
described later occurred, and it turned out in it that what was exposed to the silicon smgle aystal wafer 
firont face among the minute defects which exist in the nitrogen addition silicon single crystal water 
Sfore epilayer deposition is imprinted by the epilayer, and these crystal defects are fomied m order to 
prevent generating of an epilayer crystal defect as a result of a detailed ex^nination - (a) (b) which 
abohshe! the minute defe5 of a nitrogen addition silicon single ay stal -^^'^'"^y X'ff'^^l^''^^ 
manufactiire conditions two approaches referred to as extmgmshmg the minute defect of a mtirogen 
addition SiUcon single crystal wafer with pretieatment before epilayer deposition are effective - 
becoming clear -these knowledge -with, tills invention was completed. ^ ^ 

[0009] Namely, tiiis invention (1) On tiie front face of the silicon single crystal wafer cut down from the 
SLgin contiat silicon single crystal manufactiired by the Czochrlski method It is silicon s^^^^ 
conductor substrate which comes to deposit a silicon single crystal layer (epilayer by &e epitaxial 
method. The nifrogen concentration of said siUcon single crystal wafer is three or less toee or more 
1x1013 atoms/cmlxl016 atoms/cm. It crosses all over said silicon senn-conductorsubsb-a^^ TTie 
interstitial atom mold stacking fault on { 1 1 1 } sides (ring-like distribution stacking fau^t) -"^^ ^tiicon 
semi-conductor substrate characterized by being two or less [ 0.5 //cm ] all ov^ 
front face of tiie silicon single crystal wafer cut down from the mfrogen content silicon single ciystal 
manufactiired by ttie Czochrlski metiiod It is the silicon semi-conductor subsfrate which comes to 
deposit a silicon single crystal layer (epilayer) by tiie epitaxial "J^^J^ The nitrogen con^^^^^^^^ 
s^d silicon single c^^stal wafer is tiiree or less tiiree or more 1x1013 atoms/cmlxl016 atoms/cm. The 
rXLement?ean4igement pit defect) which crosses aU over said sihcon semi-conductor substrate, 
a^d\robXed after selective etching The siUcon semi-conductor subsfrate charactenzed by being two 
^ iJi [ 0 5//cm ] aU over an epilayJ, (3) On the front face of tiie silicon single crystal wafer cut down 
S>m^e nft^gen content silicon s^gle crystal manufoctiired by tiie Iski me^o^^^^^^ 

semi-conductor subsfrate which comes to deposit a silicon smgle crystal layer (epilayer) by tiie epitaxial 
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substrate characterized by coming to ^^^^ ^ ^^'^"^^^^^^^ manufactured 
epitaxial method, (5) A silicon ^^f^^'^f j^^^^I^^ ^2 S^S^^ atoms/cmlxl018 

<=032 when setting substrate resxstmty t^^^^^^j^^^^^ costal wafer cut down from 
growing up a silicon single ^^^^fj' characterized by 
this single crystal The manufacture approach ot the sil con semi ^ contains 
depositing a silicon single ^JtaUayer b^^^^^^^ ^^l^ ''il^s^r^^ silicon single 

nitrogen tb-ee or less tl^ee by the Czochrlski method After 

crystal wafer cut down from the silicon s^^gl^ a^^^^^ cTa non-oxidizing atmosphere or a hydrogen 
heat-treating 60 seconds or *°r« substrate characterized by 

ambient atmosphere The manufacture approach ^'^^^^^^ , cvi^xial method, (8) The siUcon 
depositing a silicon single crystal l^y^f ^^^^^^^ atoms/cm is used, 

melt which contains mtrogen tluree or less crystal growth shaft 

With the Czochrlski mefliod When the average temper^^^ s^tt G [-^for afaising rate. When 
orientations to V[mnVmin] melting poin -1 3 50 d^^^^^^^^^^^f the conditions which are 

substrate resistivity rho [omegacm] is set ^^^/'^^.^^^^ 36 when setting substrate 

-fco:^rsS:^^tts:*;sc« 

gradient of the crystal growth shaft onen^t,ons to ^,1™^""' i.5K>hm^<rho <30- 
r/mml for a raising rate. When -^st^te Ao^^^^^^^^ 

ohmcm. On the conditions which are V/G[mm2/de9:ee CmmJ /^'"^ <=o.5-ohmcm On the front 
<=0,30 when setting substrate resisUvty rho '"^i^n^^c grown up The 

face of the siUcon single crystal wafer ctrt dovm by depositing a silicon 
manufacture approach of the silicons«m-c^^^^ 

S^^a^^eSf^Tc^^Jwdr^^ 

toe or more 1x1017 atoms/cmlxl019 atoms/cm - .t comes out. 

[Simentofthelnventionllnord^to^ecu^^^^^ 

^ . .. 1/4/2005 
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L^s^Xn is Sdl^^both and precipitation of oxygen happens at both the bw temperato^ and 

fen. face and EPI depoauon-sperfomedt^^^^^^ 
for high quality devices. 

u • oii. 1/4/2005 
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roOl 61 As a result of investigating the generating location within the wafer side of a defect pecuUar to 
S^aWmSnS epilayfr in I det A it turned out that it deals with tomg4 w^th die s^te of 
Sip^^enTof S.e silicon Jngle crystal wafer before epilayer deposition so tiiat it may be hown. 
Xut SLSe^out that the field which a ring-like distribution stacking f^^^g^^^^^^^f^^tr 
namiy vSd field approach) of an OSF field in the siUcon single crystal wafer before epHay^ 
£^in Siis fidd, the atomic hole aggregate which was not able to become completely more tiian 
?Onm sSvef^ a r^^^^ oxygen sludge, the interstitial atom breathed out by its cubical expansion 
condenrsr^^^^^^ 

d^Sg rSa?^r on such rinterstitial atom mold stacking fault, an iriterstitial atom mold stacking 
fault imprinte To an epilayer, and is guessed that a ring-like distribution stacking fault is formed As a 
St Sesti^Snl the physic relationship of defective distribution of a silicon ^"^gle/'^^tal wafer 
^d ring-S stacking-fauh distribution in a detail as various crystals, m ^ wafer with which 

±evo& ^nsiSies beyond size 50mn are three or more 5xl05-/cm all over the wafer, or the waf^ 
wfth whir&e void field\as contract and disappear centering on a wafer, it becarne c^^^^^^f "^"g- 
Uke dTsMbution stacking fault after epilayer deposition is suppress by two or l^s^ t /^^^^^^ 
addition a wafer like the former with which the void consistencies beyond size 50nm are three or more 
5xi05./cm dl o^^Ae wafer is excepted completely [ an OSF field / a wafer outside ]. The nng-like 
Si^S^nlJaSgfauh was also foundbythatafield[^ 

than three three or more 0/cm5xl05/cm ] 0.5-piece [/cm ] 2 super-occi^. In ^^^^^.^ ^^1^' ^^^^ 
Ha^ute interstitial atom mold stacking fault which was mentioned ^^^^^^^^^^^^^^^"^ 
beyond the need, since the imprint of the void to an epilay^ will take Pl^ff P^^^^ 
an epilayer will deteriorate, as for a void consistency, it is desirable to hold down to three or less 5x107 

rnni 81 it turned out that the field which a rearrangement pit defect generates is an OSF field in the 
mcon s nXct J^ll wa^^^^^ epilayer deposition, and it is the outside of the field which said nng- 
ie XmbuLT^^^^ genSates Mo^over, in said field of the silicon single crystal wafer 

diaSetS^l M slice there is more number of the minute oxygen sludge formed from t^e atomic 

hrSga'elian a ri'ng-Uke distribution stacking-fault field as a \f ^! ^^^^^^^^^^ 
S^terstlSl atom breathed out increasing, it is thought that the stacking ^\of &e sludge 
««H it became the above dislocation loops. In addition, the rearrangement cluster (H.Takeno et 
and It became me aoove a^^^^ 1992) of the I region where this dislocation loop is discovered 

wUch exfs^ St Md shXwer than 0.5 micrometers from a wafer mirror side attends the s.l~gle 
:?stl wSr ton. face before epilayer deposition in the silicon sin^e crystal wafer before eprlayer 

^^Kft^iSi'ssihrti^^^^^^^^ 

dSle torn fteTntrollabiUty of thickness. In less than 0.5-micrometer EPI thickness rt becomes 
th^Suckness homogeneity within a field. Moreover, 20 micrometers or less are 
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desirable from a throughput. In the EPI thiclmess of 20.micrometer **, since an EPI deposition process 
becomes 30 minutes or more, productivity falls and is not practical. .„u.tr«t«. 
roSn Next™ manufacture approach of of the nitrogen addition sihcon semi-a)ndu(Jor subsfrate 
S Sove-mentioned epi^yer defect does not generate, and a nitrogen and a carbon addition 
silicon semi-conductor substrate is explained below. 1 iai-i 

rOO?S C d^ to raise the silicon single crystal which contains nitrogen three or ^nore bd013 
rm J/cmT^necessary to add three or more 1x1016 atoms/cm nitrogen m sihcon melt from^the 
Son^f a eieeS Since nitrogen concentration becomes high and polycrystal-ization becomes 
ly to tl IZT^M^n is L5X1 01 9 atoms/cm3 super-added in silicon melt, to practical use, it 

loO^^S'order to raise the silicon single crystal which contains -bon ™ ^^'^ 
it is necessary to add three or more 3x1017 atoms/cm carbon m silicon melt from the relation ot a 
seieStiorSince carbon concentration becomes high and polycrystal-ization becomes easy to take 
nl^ wS cmbon is 1x1019 atoms/cm3 super-added in silicon melt, to practical use it is unsuitable^ 
moSr^Sre^eTfoCing approaches as the manufacture approach of an q,iwafer that a nng-like 
Eu^orst^^^^ 

fTv«al wafer and nitroRen and a caibon addition silicon single crystal water. 

rooS W^iSd to L siUcon single crystal wafer which controlled V/G at the fme of aystd 

to WG[nm.2/degree-Cmin] <=0.32 when substrate resistivity rho [otnepunn] was 0.0-ohm 
^?™rl.Lstartedit from the raised stMnglec-ystdtoV^^^ 
So.13 when substrate resistivity iho [omegacm] was 0.5-ohm cm<rho OO-ohmcm - deposit a given 

mB^S^TfliScon single crystal wafer which controlled V/G at the time of ^stal 
[0026] » I ^ substrate resistivity rho [omegacm] was 0.0-ohm 

SSS^ SfsStt frof^^^ silicon single c^,stal to V/G[mm2Alegree-Cmin] 
?:o^5 v^i;^ sSrSfsti^ rho [omegacm] was 0.5-ohm cm<.ho <30-ohmcm - deposU a ^ven 

roOTGS°thttaro& 
Spad^o?^S-S^»^">«'torelowO.^^ 

Sml e thL 0.05 [mirtZ/degree-Cmin] ] realistic, although especially ft^P^lT' 
Smmn of V/G are not specified. In addition, it goes across the silicon smgle crystal wafff 
SZS^ed by *c approach of (B) all over a wafer, and the void consistencies beyond size 5Qmn are 
toTOT ™re 5xl05-/an, and are excepted completely [ an OSF field / a wafer outside ] 
S -a^ fte fXwing approaches as the manufacture approach of an epiwafer that a 
Si^^^it* rf^. b^ii two or less [ 0.5 //cm ], using a mtrogen addition silicon single crystal 

Ss oJ " ov? U 00 degrees C by the epitaxial method in a non-oxldizing atmosphere or a 
hydrogen ambient atmosphere before epilayer deposition. ^ ^ „ „f crystal 

lOMOl (D) epitaxial to the siUcon single crystal wafer which conholled V/G at the tune 
L0U3OJ '^f'^"^'' . , 30 when substrate resistivity rho [omegacm] was 0.0-ohm 

d^osition ] generating. As a non-oxidizing atmosphere, an impunty is 5 ppm or less and rare gas, 

^ ... 1/4/2005 
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as At is [ that the oxide-fiSiekness after heat treatma>t should jmt be pressed down by 2nm or less] 
atSe EPI is ^ugh elirmnated by washing before EPI deposmon. 

KlelTT^ invention is not restrictedby the publieationof these examples, although an example is 

tabulation side foreign matter meter bl' ^■JJ^^^''^l ^^^^a ^ith the surface contamination plan, 
distribution stackmg fault, and the nmnber was co^^ea. in ^^J*^ ^ ^ ^ of the ring-like 

s;isrgi:i.-udrr^^^^^ 

?^1^l^SS^to^al^eTe^!^r-^f*l?^^^ 
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which imitated four steps of device processes shown in Table 1 to an epiwafer was performed, and the 
^^ fM^v^iih a Spth of 1 00 micrometers was measured by infrared interferometry from ^e EPI 
S fece. OFF (Optical Precipitate Profiler) of HYT was used as defective evaluation equipment by the 

fSorsfi^r:^" 

heat treatment which imitated four steps of device processes shown m Table U mckel was apphed to fee 
w5ef frrtTace two times 1014 atoms/cm with the spin coat method and fee MOS diode was mounted. 
The conditions of gate oxidation are 1000 degrees C, 30 minutes, and dry 02, and oxide-fibn thickness 
couirbe 30oL. "Hien, generating life time measurement by fee MOS-C-t mefeod was performed. 
[0039] 
[Table 1] 
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ro0401 In order to evaluate TDDB, fee polysilicon MOS of 2 was created on fee epiwafer 20mm of 
deS sT?cl I^otcts Oxide-film feickness could be 25mn. A yield [ as ^ w^^se Qbd when me^ng 
t^Wiorsties^ current density into -5 mA/cm2, and making destructive judging electiic field mto 10 

whose nSlt mlgen concentration is feree or more 1x1016 ^toms/cm substrate m^^^^^ 
became feree or more 1x1013 atoms/cm, and fee sludge consistency 

time ] in 20 or more msecs and a gettering property m three or more 1 08-/cm. ^^^V^^^^^^^^^ 
rL rnmeaacml was 0 0-ohm cm<rho <=0.5-ohmcm and it was V/G[mm2/degree-Cmin] <--0.32, 2 or 
essfTsC^dTD^^^ 

Z ipifayeT^uality good [ moreover, / when substrate resistivity rho [omegacm] was 0.5-ohm cm<rho 
<30-ohmcm, it was V/G[mm2/degree-Cmm] <=0.13, and ]. 
[0042] 
[Table 2] 
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[0043] Raising of example 2 silicon single crystal --'.^^^^''-^rtlC,'^ 
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treatment are three or more 108-/cm, and that whose melt nitrogen concentration is three or more 
1x1016 atoms/cm excelled [ life time ] in 20 or more msecs mid a gettenng property. 2 or le^ 
r 0 5 //cm 1 and TDDB had [ H2 or the thing which performed 1 100 degrees C and heat treatment for 60 
seconds or more by Ar / the rearrangement pit defect of an epilayer ] 90% or more and epilayer quality 
good [ moreover, ] 100% 100%. 
[0046] 
[Table 3] 




[0047] Raising of example 3 silicon single crystal and the addition method of nitrogen are the same as 

m048] UsL\T.P^^^ defective evaluation of the silicon single crystal wafer cut down from ^e 
E singl! crystal doubled the focus with the location of 300 micrometers frorn the wafer surface m 
Sri<Sn^sing2 crystal wafer which mirror-plane-ized both sides and ^lagona leng& meas^^^^ the 
void total 50nm or more, and it computed the consistency. The defective evaluation after epilayer 
d^osSon, deposit evaluation, gettering evaluation, and TDDB evaluation are the same as that of an 

[oS^li evaluation result is shown in Table 4 also including the example <>f ^^^P^«^°2ef;;^^^^^^^ 
Sfrogen concentration became three or more 1x1013 atoms^cm, the sludge consistenaes aft^ heat 
treatment are three or more 108-/cm, and that whose melt mtrogen concentration is thr^ or more 
Txtm 6 atSns/cm excelled [ life time ] in 20 or more msecs and a gettenng property. Moreover, the void 
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consistency beyond size 50nm was set to three or more 5xl05-/cm, and 2 or less [ 0.5 //cm ] and TDDB 
had [ the ring-like distribution stacking fault of an epilayer ] 90% or more epilay^ quahty goo^^^ 
[ when the sSbstrate resistivity rho was O.Sohm cm<rho OOohmcm it was V/G[mm2/degree.Qnm] 
>=0.15, and ] when it was O.O-ohm cm<rho <=0.5-ohmcm and was V/G[mm2/degree-Cmm] >-0.36. 

[0050] ' 
[ Table ^ " 
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[0051] Raising of example 4 silicon single crystal and the addition method of nitrogen are the same as 

m052] UsL^TpP, dislocation loop consistency evaluation of the silicon single ^^'^^^^^^'^1^^" 
from ie smLn single crystal doubled the focus with the location of 300 micrometers from the wafer 
Sc^mts^rthe (Slocation loop with a diameter of 1 micrometers or more m the silicon single 

wX wSch mirror-pl^^^^^ sides, and computed the consistency The defective 

^afu"ftrepL^^ deposition, deposit evaluation, gettering evaluation, and TDDB evaluation are 

mOsTIn'evIl^S^^^ 

Sfroin^n^^^^ became three or more 1x1013 atoms/cm, the sludge consistencies after heat 
fre^StTe toef or more 1 08 -/cm, and that whose melt nitrogen «>ncentration is three o^^^^^ 
?x?m 6 atoms/cm excelled [ life time ] in 20 or more msecs and a getting prop^ty . Mor^ver^ftie 
dislocation loop with a diameter of 1 micrometers or more was set to three or less 1x1 04-/cm, and 2 or 
£ss [TsT/^^^ had [ the rearrangement pit defect of an epilayer ] 90o/o or more and epilayer 

Qual ty goorc when the substrate resistivity rho was O.Sohm cm<rho <30ohmcm, it was V/G 
[r2/d?^ee-Cmin] <=0. 10, ] when the substrate resistivity rho was 0.0-ohm cm<rho <=0.5.ohmcm 
and it was V/G[mm2/degree-Cmin] <=0.30. 



[0054] 
[Table 5] 
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TDDB evaluation) are the same as that of an example 1. The carbon concentration of a silicon senu- 
LnductorluL^^ measured the wafer after epilayer deposition in FTIR. and computed Uusmgttie 
SncenLation conversion factor by Japan Electronic Industry Development Association. The sUicon 
sem^SJiductor substrate below O.S-ohmcm performed the 20.micrometer polish, and resistance 
measured it using SIMS, after removing a surface epilayer. 
[0056] 



[Table 6] 
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[00571 An evaluation result is shown in Table 7 also including the example of a ^?«^P^s°^;^;^^^J°^ 
Zdl gettS ^perty. Substrate nitrogen concentration is [ the sludge consistency after heat 

S>?Hfe to^was^o less than 20 msec. The gettermg pK,per^ "'^^HTS^nto.tT " 

more 1x1 OU^toms/cm and substrate carbon concentration somewhat mfenor m substrate mtto^n 
Sn^^on ^ared with the three or more 1x1016 a.»ms/cm thing, although substrate mtmgen 
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eoncenttatton was superior to *o less than toee ''''"I M^^^&lJ^flsTl ^r^^^^^ 
rhr. wa<i 0 0-ohm ciiKrho <=0.5-ohmcm and it was V/G[mm2/degree-Cnun] <-0.32, z or less 
fS^sTm 1 TOTB had [ the ring-like distribution stacking fault of an epflayer ] W/» """".^f, 
l^fay^qS good [ morLver, / when the substrate resistivity rho was 0.5-ohm em<rho <30-ohmcm, 
it was V/G[inni2/degree-Cinin] <=0. 1 3, and ]. 
[0058] 
[Table 7] 
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[00591 Raising of example 6 silicon single crystal and the addition method of mtrogen and carbon are 
the same as that of an example 5. As heat treatment before epilayer deposition, heat treatment within an 
epilayer deposition equipment chamber, heat treatment by RTA, or heat treatment at a batch type 
vertical mold furnace was performed. Heat treatment which imitated the device process of the low 
temperature given in order to evaluate the precipitation-of-oxygen behavior and gettenng behavior after 
epilayer deposition is the same as that of an example 5. Evaluation criteria other than heat freatment (the 
defective evaluation after epilayer deposition, deposit evaluation, gettermg evaluation, TDDB 
evaluation) are the same as that of an example 2. • c 

[00601 An evaluation result is shown in Table 8 also including the example of a comparison, i^or 
substrate nitrogen concentration, three or more 1x1013 atoms/cm and substrate carbon conceritration are 
[ the sludge consistencies after heat treatment ] three or more 109-/cm, and the threeor more 1x1016 
atoms/cm thing excelled [ life time ] in 20 or more msecs and a gettering propaty. The sludge 
consistency after heat treatment was set [ substrate nitrogen concentration ] to 108-/cmor more 31ess 
than three 109-/cmby three or more 1x1013 atoms/cm and substrate carbon concentration, hte time is 
10 or more-msec less than 20 msec, and, as for the less than three 1x1016 atoms/cm thing, substrate 
mtrogen concentration was somewhat inferior in three or more 1x1013 ^toms/cm and substrate c^bon 
concentration compared with the three or more 1x1016 atoms/cm thing. 2 or less [ 0.5 //cm ] and TDDB 
had [ H2 or the thing which performed 1 100 degrees C and heat treatment for 60 seconds or more by 
Ar / the rearrangement pit defect of an epilayer ] 90% or more and epilayer quality good [ moreover, ] 



100% 100% 
[0061] 
[Table 8] 
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r0062] Raising of example 7 silicon single crystal and the addition method of mtrogen and carbon are 
the same as that of an example 5. The defective evaluation before epilayer deposition is the sanie as that 
of an example 5. Heat treatment which imitated the low-temperature device process given in ordCT to 
evaluate the precipitation-of-oxygen behavior and gettering behavior after epilayer deposition is the 
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same as that of an example 5. Evaluation criteria other than heat treatment (the defective evaluation 
Se aTd beS S^yer deposition, deposit evaluation, gettering evaluation, TDDB evaluation) are 

m063TIn"ev^^^^^^ SlSown in Table 9 also including the example of a comparison. For 
Ett^t^olin concentration, three or more 1x1013 atoms/cm and substrate carbon concentration are 
rSdS= coS^^^ after heat treatment ] three or more 1 09-/cm, and the toe or more 1x1016 
LtoL/^m ^r^^^^ [ life time ] in 20 or more msecs and a gettenng prop^. Substrate mtrogen 
^n^en^tofs [ S sludge consistency after heat treatment ] less than three 108-/cm, and the less *an 
toeeTxfoi B iScm tllig was inferior in life time compared with 10 or less msecs and an example. 
S^e less to t^^ 1x1016 atoms/cm thing, the sludge consistency after heat freatment was se 
f:uttrate»o^ncen^^^^^ 

at^s/cm and substrate carbon concentration, and life time was 10 or more-msec less to 20 msec. TT^e 

gS™e^ of this crystal had three or more 1x1013 atoms/cm and substrate carb™^^ 

SSaHnfeZ in substrate nitrogen concentration compared with the ^ee r^^re 1^ 016 

atoms/cm thing, although substrate nitrogen concentration was 7^^,°^^^^^^^^^^^ 

atoms/cm thing Moreover, when the substrate resistivity rho is 0.5-ohm cm<rho <30-ohmcm, it is v/u 

S r^e^Ci^n] >=0.15. When the substrate resistivity rho is 0.0-ohm cm<rho <=0^-ohmcm and it 

&^[Z^/deSe^^^^^^ >=0.36 The void consistency beyond size SOnm was set to ttoee or more 

5xi05-/^andTor less [ 0.5 //cm ] and TDDB had [ the ring-like distribution stackmg fault of an 

epilayer ] 90% or more and good epilayer quality. 

[0064] 

[Table 9] 
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S^^Z^5HS™fwMchimteedfl,edeviceprocessofftelowTO 
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to evaluate the mecipitation-of-oxygen behavior and gettering behavior after epilayer deposition is the 
Srel^ ftarof m eS^^^ 5 Evahiaon criteria other than heat treatment (the defective evaluation 
"aSt:wrd^^?deposiHon, deposit evaluaHon,ge.^^^^ 

SreJ^Sl.^tio'S Ststown in Table . 0 also including the example of a -npar^For 

S^srsX^o^^^^^^^ 
ESrree^foTe^^^ 

Uub^teSo^ Si^tration ] to lOSVcmor more 31ess than to^ 
O.O-ohm cm<rho <=0.5-ohmcm and it was V/G[imn2/degree-Cmm] <=0.30. 



[0067] 
[Table 10] 
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eoilaver for it being, but the precipitation of oxygen after a device process happens enou^, and is 
SceC in the gett;ring capacity of heavy metal. And since there is no crystal defect on the front face 
ofTsubst^^trand it excils in de^ce properties, such as TDDB, it is the optimal f ^^.^ ^^^'^^^^fj^^ 
^4^eSe fS t^ufacturin^ the wafeJ^for MOS devices of which the high dependability of ahigh degree 

S MoS^i^'^^^^^ manufacture approach of the silicon semi-conductor substrate of 

Svention c^m^ufacture the above-mentioned silicon semi-conductor substrate which was excell«it m 

qXwi™fficient yield, wiA^^^ 

^std raising furnace or epilayer deposition equipment, also economically and industnally, the 



effectiveness is large. 



[Translation done.] 
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* NOTICES * 

l.This document tasbeentranslatedby^mpmer. so *e translation may not «flect the ori^^ 

2"^**?? shows the word which can not be translated. 
3'.In the drawings, any words are not translated. 
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